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We derive the form factors relevant for decays of pseudo-scalar mesons corresponding to the semi-leptonic 
decay B — > DlV. The simulations are performed in the quenched approximation at (3 — 6.0 and = 6.2 using a 
non-perturbatively improved clover action. The slope of the Isgur Wise function and \V c b\ are extracted from the 
form factors. 



1. Introduction 

The calculation of matrix elements correspond- 
ing to the semi-leptonic decay of heavy mesons is 
crucial to the extraction of elements of the CKM 
matrix. We present results of a lattice study 
of the decay between heavy-light pseudo-scalar 
mesons. The vector current matrix element can 
be parametrised in terms of two form factors 

(D(v>)\V»\B(v)) 



= (v + v')^h + (u, mQ, tuqi) 
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where v and v' are the meson four velocities and 
lu = v ■ v' . In the heavy quark limit, heavy quark 
symmetry reduces the two form factors to a sin- 
gle function of the recoil, the Isgur Wise 
function [jjj. For finite quark mass, there exist 
two sources of symmetry breaking, one from the 
exchange of hard gluons allowing resolution of 
the heavy quark dynamics by the light degrees 
of freedom, and modifications to the current aris- 
ing from higher dimensional operators in HQET. 
The form factors are related to the Isgur Wise 
function by 

h+(u>) = [1+0+H + 7+MUM 

M«0 = [/9-M + 7-MUM (2) 

where (3± and j± are the radiative and power 
corrections respectively. 

2. Calculation Details 

The simulation was performed on quenched 
lattices generated using the Wilson gauge ac- 



tion. The quark propagators were generated 
from an O(a) improved Sheikholeslami-Wohlert 
action with the coefficient c sw determined non- 
perturbatively . The details are summarised in 
table At (3 = 6.0 and f3 = 6.2 we used 305 and 

Table 1 

Simulation details 






Volume 




k h 




6.0 


16 3 x 48 


1.769 


0.1123 


0.13344 








0.1173 


0.13417 








0.1223 


0.13455 








0.1273 




6.2 


24 3 x 48 


1.614 


0.1200 
0.1233 
0.1266 
0.1299 


0.13460 
0.13510 
0.13530 



216 configurations respectively. The inverse lat- 
tice spacing as determined from the string tension 
is a" 1 = 1.89 GeV for = 6.0 and a" 1 = 2.64 
GeV for (3 — 6.2. The four heavy and three 
light hopping parameters correpsond to the re- 
gions of charm and strange quark masses respec- 
tively. The matrix element in equation [l] is ob- 
tained from the large Euclidean time behaviour of 
the ratio of the three point function over the two 
meson correlators. The improvement prescription 
is completed with the modification of the vector 
current. Under the non-perturbative scheme, the 
renormalisation of the vector current is given by 
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(3) 



where — Z v (l + b v am q ) and the improvement 
coefficients are all known non-perturbatively. 

3. Results for Z v cS 

At zero recoil, the Isgur Wise function is nor- 
malised to one. This condition allows an estimate 
of the renormalisation constant for the vector cur- 
rent. Hence equation ^| and the normalisation of 
£(u>) lead to 
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(4) 



where due to Luke's theorem 



the power cor- 
1 ^ The 



rections to h+(u>) are suppressed at ) 
radiative corrections are perturbative and hence 
calculable and are obtained using Neubert's pre- 
scription 0. The results for Z^ s for a fixed final 
heavy quark ka and spectator quark Kp mass are 
shown in figure [l]. The agreement with the AL- 
PHA determined values is excellent and thus we 
conclude that discretisation errors are small. 



<> K p =0. 13344 
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To test the heavy quark dependence of the form 
factors, degenerate transitions are fitted to the 
Neubert-Rieckert parametrisation || of the Isgur 
Wise function, 



£( W ) = 



■ exp 



(2p 2 - 1) 



f 



l+LU 



(6) 



The results are shown in figure |. For both 
datasets, the data lie on the same curve. Inde- 
pendent fitting for each transition shows there is 
no dependence on heavy quark mass. 
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Figure 2. The radiatively corrected form factor 
h + (uj) corresponding to degenerate transitions. 
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Figure 1. Z^ s plotted against the initial heavy 
quark hopping parameter (ke). The horizontal 
lines represent the non-perturbatively determined 
values. 



4. Heavy Quark Scaling 

An Isgur- Wise function may be defined as 
h + (w) 



/3+H 



(5) 



5. Slope of 

The Isgur Wise function corresponding to the 
physical decays, B s — > D S W and B — * DlV may 
be obtained from the extrapolation of the light 
spectator anti-quark to the strange and chiral lim- 
its respectively. With only two values for the 
spectator, a linear fit is performed in the im- 
proved bare quark mass. From an analysis of the 
meson correlators it is found that at (3 = 6.0, 
k c = 0.13525 and k s = 0.13400, while at = 6.2, 
k c = 0.13583 and k s = 0.13493. The results of 
the extrapolations are shown in figures |^ and ^. 
The slopes for each lattice are in excellent agree- 
ment and scaling is observed. The slope exhibits 
a slight dependence on spectator quark mass. 
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Figure 3. Interpolation to the strange quark 
mass. 
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Figure 4. Extrapolation to the chiral limit. 



6. Extracting | V^b, | 

The CKM element | V^t> | may be extracted by 
comparing the theoretical prediction to the exper- 
imentally measured decay rate. However B — > 
DW is helicity suppressed and hence the mea- 
sured rate for B — > D*lT> is used instead. Ignoring 
kinematic factors, the rate is given by 



(7) 



where K(u>) is a collection of radiative and power 
corrections. Making the assumption K(lo) = 1 
away from the limit of exact heavy quark symme- 
try, 1 14b | is extracted comparing the experimental 
results from ALEPH || with our lattice results 
for Hence we find, using Neubert's result 

for the radiative correction {(5 Al (\) = —0.01), 



Vcb|/9=6.0 = 0.038 



+2+1+2 



0.038 



+3+1+2 
-2-1-2 



(8) 



where the first error is statistical, the second is 
systematic (obtained from analysing the slope of 
£(cj) for different momentum channels) and the 
third is experimental. These values are consistent 
with the world average (|F c b| = 0.0395t^@). 
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